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(57) A reference frame provided in a vacuum cham- 
ber is supported by support pillars extending through 
and isolated from the vacuum chamber walls to isolate 
the reference frame from vibrations in the vacuum 
chamber. The gap between the support pillar and the 



vacuum chamber wall may be sealed by a low-stiffness 
seal. The low stiffness seal may be a three part seal 
allowing relative motion in six-degrees of freedom. 
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Description 

[0001] The present invention relates to isolation 
mounts for use in vacuum chambers. More particularly, 
the invention relates to the application of such devices 
in lithographic projection apparatus comprising: 

a radiation system for supplying a projection beam 
of radiation; 

a first object table provided with a mask holder for 
holding a mask; 

a second object table provided with a substrate 
holder for holding a substrate; and 
a projection system for imaging an irradiated por- 
tion of the mask onto a target portion of the sub- 
strate. 

[0002] For the sake of simplicity, the projection sys- 
tem may hereinafter be referred to as the "lens"; how- 
ever, this term should be broadly interpreted as 
encompassing various types of projection system, 
including refractive optics, reflective optics, catadioptric 
systems, and charged particle optics, for example. The 
radiation system may also include elements operating 
according to any of these principles for directing, shap- 
ing or controlling the projection beam of radiation, and 
such elements may also be referred to below, collec- 
tively or singularly, as a "lens". In addition, the first and 
second object tables may be referred to as the "mask 
table" and the "substrate table", respectively. Further, 
the lithographic apparatus may be of a type having two 
or more mask tables and/or two or more substrate 
tables. In such "multiple stage" devices the additional 
tables may be used in parallel, or preparatory steps may 
be carried out on one or more stages while one or more 
other stages are being used for exposures. Twin stage 
lithographic apparatus are described in International 
Patent Applications WO 98/28665 and WO 98/40791, 
for example. 

[0003] Lithographic projection apparatus can be 
used, for example, in the manufacture of integrated cir- 
cuits (ICs). In such a case, the mask (reticle) may con- 
tain a circuit pattern corresponding to an individual layer 
of the IC, and this pattern can be imaged onto a target 
area (die) on a substrate (silicon wafer) which has been 
coated with a layer of photosensitive material (resist). In 
general, a single wafer will contain a whole network of 
adjacent dies which are successively irradiated via the 
reticle, one at a time. In one type of lithographic projec- 
tion apparatus, each die is irradiated by exposing the 
entire reticle pattern onto the die in one go; such an 
apparatus is commonly referred to as a wafer stepper. 
In an alternative apparatus - which is commonly 
referred to as a step-and-scan apparatus - each die is 
irradiated by progressively scanning the reticle pattern 
underthe projection beam in a given reference direction 
(the "scanning" direction) while synchronously scanning 
the wafer table parallel or anti-parallel to this direction; 



si nee j in general, the projection system will have a mag- 
nification factor M (generally < 1), the speed v at which 
the wafer table is scanned will be a factor M times that 
at which the reticle table is scanned. More information 
5 with regard to lithographic devices as here described 
can be gleaned from International Patent Application 
WO 97/33205. 

[0004] In a lithographic apparatus, the size of fea- 
tures that can be imaged onto the wafer is limited by the 

w wavelength of the projection radiation. To produce inte- 
grated circuits with a higher density of devices and 
hence higher operating speeds, it is desirable to be able 
to image smaller features. Whilst most current litho- 
graphic projection apparatus employ ultraviolet light 

15 generated by mercury lamps or excimer lasers, it has 
been proposed to use shorter wavelength radiation of 
around 13nm. Such radiation is termed extreme ultravi- 
olet (EUV) or soft x-ray, and possible sources include 
laser plasma sources or synchrotron radiation from 

20 electron storage rings. An outline design of a litho- 
graphic projection apparatus using synchrotron radia- 
tion is described in "Synchrotron radiation sources and 
condensers for projection x-ray lithography", JB Murphy 
et al, Applied Optics Vol. 32 No. 24 pp 6920-6929 

25 (1993). 

[0005] Other proposed radiation types include elec- 
tron beams and ion beams. These types of beam share 
with EUV the requirement that the beam path, including 
the mask, substrate and optical components, be kept in 

30 a high vacuum. This is to prevent absorption and/or 
scattering of the beam, whereby a total pressure of less 
than about 1 0* 6 millibar is typically necessary for such 
charged particle beams. Wafers can be contaminated, 
and optical elements for EUV radiation can be spoiled, 

35 by the deposition of carbon layers on their surface, 
which imposes the additional requirement that hydro- 
carbon partial pressures should generally be kept below 
10" 8 or 10" 9 millibar. Otherwise, for apparatus using 
EUV radiation, the total vacuum need pressure only be 

40 1 0* 3 or 1 0' 4 mbar, which would typically be considered a 
rough vacuum. 

[0006] Further information with regard to the use of 
electron beams in lithography can be gleaned, for exam- 
ple, from US 5,079,122 and US 5,260,151, as well as 

45 from EP-A-0 965 888. 

[0007] Working in such a high vacuum imposes 
quite onerous conditions on the components that must 
be put into the vacuum and on the vacuum chamber 
seals, especially those around any part of the apparatus 

so where a motion must be fed-through to components 
inside the chamber from the exterior. For components 
inside the chamber, materials that minimize or eliminate 
contaminant and total outgassing, i.e. both outgassing 
from the materials themselves and from gases 

55 adsorbed on their surfaces, should be used. It would be 
very desirable to be able to reduce or circumvent such 
restrictions. 

[0008] It is an object of the present invention to pro- 
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vide an improved isolation mount that can be used in a 
vacuum chamber of a lithographic projection apparatus, 
for example to support a metrology frame. 
[0009] According to the present invention, this and 
other objects are achieved in a lithographic projection 
apparatus comprising: 

a radiation system for supplying a projection beam 
of radiation; 

a first object table provided with a mask holder for 
holding a mask; 

a second object table provided with a substrate 
holder for holding a substrate; and 
a projection system for imaging an irradiated por- 
tion of the mask onto a target portion of the sub- 
strate; characterized by: 

a vacuum chamber having a wall enclosing at least 
one of said first and second object tables, said vac- 
uum chamber wall having at least one aperture 
therein; 

a reference frame provided in said vacuum cham- 
ber; 

position sensing means for sensing the position of 
an object in said vacuum chamber relative to said 
reference frame; and 

support means passing through said aperture to 
support said reference frame from outside said vac- 
uum chamber and to isolate said reference frame 
from said vacuum chamber wall. 

[0010] Current lithography apparatus are designed 
for use in clean room environments and therefore some 
steps have conventionally been taken to reduce possi- 
ble sources of contamination of wafers that are proc- 
essed by the apparatus. However, conventional designs 
of wafer, mask and transfer stages are very complicated 
and employ large numbers of components for sensor 
and drive arrangements. Such stages also need to be 
provided with large numbers of signal and control 
cables and other utilities. The present invention avoids 
the difficult and detailed task of making such large num- 
bers of components vacuum-compatible, or replacing 
them with vacuum-compatible equivalents, by adopting 
the principle of locating as many components and func- 
tions as possible outside the vacuum chamber. The 
present invention thus avoids the need to vacuum-proof 
many or most of the numerous components, by provid- 
ing appropriate mechanical feed-throughs with innova- 
tive sealing arrangements. Likewise, the present 
invention avoids difficulties in reducing vibrations inevi- 
table in vacuum apparatus, particularly where powerful 
pumps are provided, by isolating as far as possible 
vibration sensitive components from the vacuum cham- 
ber wall. 

[001 1 ] By supporting the reference frame from out- 
side the vacuum chamber and isolating It from vibra- 
tions in the vacuum chamber wall, such vibrations are 
prevented from degrading the accuracy with which the 



object tables are positioned and moved, and the reliabil- 
ity of position measurements made relative to the refer- 
ence frame. 

[0012] According to another aspect of the Invention 
5 there is provided a lithographic projection apparatus 
comprising: 

a radiation system for supplying a projection beam 
of radiation; 

w a first object table provided with a mask holder for 
holding a mask; 

a second object table provided with a substrate 
holder for holding a substrate; and 
a projection system for imaging an irradiated por- 
15 tion of the mask onto a target portion of the sub- 
strate; characterized by: 

a vacuum chamber having a wall enclosing at least 
one of said first and second object tables, said vac- 
uum chamber wall having at least one aperture 

20 therein; 

a reference frame extending through said aperture 
so as to have a first part located in said vacuum 
chamber and a second part located outside said 
vacuum chamber; 

25 sensing means having a first component mounted 
to said first part of said reference frame and a sec- 
ond component mounted to said second part of 
said reference frame; and 

a low-stiffness seal for sealing between said vac- 
30 uum chamber wall and said reference frame. 

[0013] This arrangement allows the relative posi- 
tions of two components mounted on the reference 
frame, one inside and one outside the vacuum cham- 

35 ber, to be maintained constant irrespective of any defor- 
mation of the vacuum chamber walls with changes in 
the pressure differential across them. 
[001 4] According to a further aspect of the invention 
there is provided a low-stiffness seal for sealing a space 

40 between a vacuum chamber wall and an elongate rod 
having a longitudinal axis and passing through an aper- 
ture in said vacuum chamber wall, the seal comprising: 

an annular collar rotatably mountable around said 
45 elongate rod and having a first sealing surface con- 
centric with said longitudinal axis; 
an intermediate member having second and third 
sealing surfaces, said second sealing surface being 
complementary to and opposing said first sealing 
so surface; and 

a plate member defining an aperture through which 
said elongate rod passes and a fourth sealing sur- 
face complementary to and opposing said third 
sealing surface, said plate member being mounta- 
55 ble to said pressure chamber wall. 

[0015] The low-stiffness seal of the invention can 
provide a seal about a rod passing Into a vacuum cham- 
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ber whilst allowing movement of the rod relative to the 
vacuum chamber wall in six-degrees of freedom. 
[0016] In a preferred embodiment of the invention, 
the low-stiffness seal is used to seal around a support 
pillar of a reference frame provided in a vacuum cham- 
ber of a lithographic apparatus. 
[0017] According to another aspect of the invention, 
there is provided a device manufacturing method com- 
prising the steps of: 

providing a substrate which is at least partially cov- 
ered by a layer of energy-sensitive material; 
providing a mask containing a pattern; 
using a projection beam of radiation to project an 
image of at least part of the mask pattern onto a tar- 
get area of the layer of energy-sensitive material; 
characterized in that: 

at least one of said substrate and said mask is pro- 
vided in a vacuum chamber; and the one of said 
mask or said substrate is positioned relative to a 
reference frame provided in said vacuum chamber, 
said reference frame being supported from outside 
said vacuum chamber and isolated from the walls 
of said vacuum chamber. 

[0018] In a manufacturing process using a litho- 
graphic projection apparatus according to the invention 
a pattern in a mask is imaged onto a substrate which is 
at least partially covered by a layer of energy-sensitive 
material (resist). Prior to this imaging step, the substrate 
may undergo various procedures, such as priming, 
resist coating and a soft bake. After exposure, the sub- 
strate may be subjected to other procedures, such as a 
post-exposure bake (PEB), development, a hard bake 
and measurement/inspection of the imaged features. 
This array of procedures is used as a basis to pattern an 
individual layer of a device, e.g. an IC. Such a patterned 
layer may then undergo various processes such as 
etching, ion-implantation (doping) metallisation, oxida- 
tion, chemo-mechanical polishing, etc., all intended to 
finish off an individual layer. If several layers are 
required, then the whole procedure, or a variant thereof, 
will have to be repeated for each new layer. Eventually, 
an array of devices will be present on the substrate 
(wafer). These devices are then separated from one 
another by a technique such as dicing or sawing, 
whence the individual devices can be mounted on a car- 
rier, connected to pins, etc. Further information regard- 
ing such processes can be obtained, for example, from 
the book "Microchip Fabrication: A Practical Guide to 
Semiconductor Processing", Third Edition, by Peter van 
Zant, McGraw Hill Publishing Co., 1997, ISBN 0-07- 
067250-4. 

[0019] Although specific reference may be made in 
this text to the use of the apparatus according to the 
invention in the manufacture of ICs, it should be explic- 
itly understood that such an apparatus has many other 
possible applications. For example, it may be employed 



in the manufacture of integrated optical systems, guid- 
ance and detection patterns for magnetic domain mem- 
ories, liquid-crystal display panels, thin-film magnetic 
heads, etc. The skilled artisan will appreciate that, in the 

5 context of such alternative applications, any use of the 
terms "reticle", "wafer* or "die" in this text should be con- 
sidered as being replaced by the more general terms 
"mask", "substrate" and "target area", respectively. 
[0020] The present invention and its attendant 

io advantages will be described below with reference to 
exemplary embodiments and the accompanying sche- 
matic drawings, in which: 

Fig. 1 depicts a lithographic projection apparatus 
75 according to a first embodiment of the invention; 

Rg. 2 is a partly cross-sectional view of an isolation 

mount in the first embodiment of the invention; 

Rg. 3 is a cross-section of an isolation mount 

according to a second embodiment of the invention; 
20 Rg. 4 is a cross-sectional view of a differential air 

bearing used in the second embodiment of the 

invention; and 

Rg. 5 depicts a vacuum chamber according to a 
third embodiment of the invention. 

25 

[0021] In the various drawings, like parts are indi- 
cated by like references. 

Embodiment 1 

30 

[0022] Figure 1 schematically depicts a lithographic 
projection apparatus 1 according to the invention. The 
apparatus comprises: 

35 • a radiation system LA, IL for supplying a projection 
beam PB of radiation (e.g. UV or EUV radiation, 
electrons or ions); 

• a first object table (mask table) MT provided with a 
mask holder for holding a mask MA (e.g. a reticle), 

40 and connected to first positioning means PM for 
accurately positioning the mask with respect to item 
PL; 

• a second object table (substrate table) WT provided 
with a substrate holder for holding a substrate W 

45 (e.g. a resist-coated silicon wafer), and connected 
to second positioning means PW for accurately 
positioning the substrate with respect to item PL; 

• a projection system ("lens") PL (e.g. a refractive or 
catadioptric system, a mirror group or an array of 

so field deflectors) for imaging an irradiated portion of 
the mask MA onto a target portion C (die) of the 
substrate W. 

[0023] The radiation system comprises a source LA 
55 (e.g. an undulator or wiggler provided around the path 
of an electron beam in a storage ring or synchrotron, a 
plasma source, or an electron or ion beam source) 
which produces a beam of radiation. This beam is 
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passed along various optical components included in 
illumination system IL, e.g. for the purpose of shaping 
and/or collimating the resultant beam PB, and/or mak- 
ing it uniformly intense throughout its cross-section. 
[0024] The beam PB subsequently impinges upon 
the mask MA which is held in a mask holder on a mask 
table MT. Having been selectively reflected (or transmit- 
ted) by the mask MA, the beam PB passes through the 
"lens" PL, which focuses the beam PB onto a target 
area C of the substrate W. With the aid of the positioning 
means PW and the interferometric displacement meas- 
uring means IF, the substrate table WT can be moved 
accurately, e.g. so as to position different target areas C 
in the path of the beam PB. Similarly, the positioning 
means PM and the interferometric displacement meas- 
uring means IF can be used to accurately position the 
mask MA with respect to the path of the beam PB, e.g. 
after mechanical retrieval of the mask MA from a mask 
library or during a scanning motion. In general, move- 
ment of the object tables MT, WT will be realized with 
the aid of a long stroke module (course positioning) and 
a short stroke module (fine positioning), which are not 
explicitly depicted in Figure 1. 

[0025] The depicted apparatus can be used in two 
different modes: 

• In step mode, the mask table MT is kept essentially 
stationary, and an entire mask image is projected in 
one go (i.e. a single "flash") onto a target area C. 
The substrate table WT is then shifted in the X 
and/or Y directions so that a different target area C 
can be irradiated by the beam PB; 

• In scan mode, essentially the same scenario 
applies, except that a given target area C is not 
exposed in a single "flash". Instead, the mask table 
MT is movable in a given direction (the so-called 
"scan direction", e.g. the X direction) with a speed v, 
so that the projection beam PB is caused to scan 
over a mask image; concurrently, the substrate 
table WT is simultaneously moved in the same or 
opposite direction at a speed V = Mv , in which M is 
the magnification of the lens PL (typically, M = 1/4 
or 1/5). In this manner, a relatively large target area 
C can .be exposed, without having to compromise 
on resolution. 

[0026] In the first embodiment, such items as the 
wafer table WT, mask table MT and projection lens PL 
are all positioned relative to a metrology frame (refer- 
ence frame) 50, shown schematically in Figure 2. As 
shown in that Figure, the metrology frame 50 is 
mounted on support pillars 41 (only one shown) and 
isolated from the base plate BP by an air mount 51 . The 
air mount 51 can be of conventional type and serves to 
prevent vibrations in the base plate, which may be 
caused by external events, being transmitted to the 
metrology frame 50. This improves the accuracy of the 
positional measurements in the apparatus. 



[0027] To further improve the stability of the metrol- 
ogy frame 50, the support pillars 41 are passed through 
apertures 11a in the vacuum chamber wall 11 and 
effectively isolated from the vacuum chamber wall 1 1 . 

5 The resulting gap in the vacuum chamber wall 1 1 can 
be made narrow and long to reduce leakage into the 
vacuum chamber, or preferably sealed with a low (ide- 
ally zero) stiffness seal. In this way vibrations in the vac- 
uum chamber wall 11 are prevented from being 

w transmitted to the metrology frame where they might 
reduce the accuracy of positional measurements. There 
is likely to be a relatively high level of vibration in the 
vacuum chamber wall due to the vacuum pumps and 
other noisy equipment that must be connected to it. The 

75 low stiffness seal may be a bellows, particularly to seal 
against swivel movements, alone or in combination with 
other forms of seat. 

Embodiment 2 

20 

[0028] An isolation support 40 according to a sec- 
ond embodiment of the invention is shown in Figure 3. 
The second embodiment differs from the first only in the 
details of the seal provided between the pillar 41 and 

25 the vacuum chamber wall 1 1 . A description of the com- 
mon parts is therefore omitted for brevity. 
[0029] The metrology frame 50 is mounted on sup- 
port pillars 41 (only one shown) which pass through an 
aperture 1 1 a defined in the vacuum chamber wall 1 1 . In 

30 the second embodiment the aperture 1 1 a is sealed by a 
three part seal 42 which allows the support 41 to move 
relative to vacuum chamber wall 1 1 in six degrees of 
freedom. The three part seal 42 comprises annular col- 
lar 43, seat 44 and plate 45. Collar 43 is provided 

35 around the pillar 41 and has a convex hemispherical 
upper surface 43a. The hemispherical surface 43a sits 
in a complementary concave hemispherical surface 44a 
in seat 44. The flat upper surface 44b of the seat lies 
against plate 45. 

40 [0030] Three differential gas (air) bearings 21a, b, c 
are provided in the interfaces in the three pan seal; one 
in the collar 43 around the pillar 41, one in the seat 44 
around the concave hemispherical surface 44a and one 
in the seat 44 around the flat upper surface 44b. These 

45 air bearings 21a, b, c are described further below with 
reference to Figure 4 and in European Patent Applica- 
tion no 99201193.2 entitled "Gas-Bearings for use in 
Vacuum Chambers and their Application in Lithographic 
Apparatus" as welt as a concurrently filed application of 

so similar title (Applicant's ref: P-01 33.010) which are 
incorporated herein by reference. Bearing 21a allows 
the pillar 41 to be displaced relative to the seat longitu- 
dinally and also to rotate about its axis, providing free- 
dom for the pillar to move parallel to the Z-axis and also 

55 rotation. Bearing 21b allows the hemispherical collar 
43 to rotate about three axes, providing (p x and (p y rota- 
tional freedom, as well as further q> 2 freedom. Bearing 
21c allows the seat 44 to move sideways relative to 
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plate 45, providing X and Y displacement and also q> 2 
rotation freedom for the pillar 41 . 
[0031 ] Each of the bearings 21 a, b, c is a differential 
air bearing according to the invention and comprises air 
feeds 21 1 and evacuation means 213. Clean gas or air 
is supplied to the air feeds 21 1 via supply conduits 47 
and the evacuation means 213 are connected to vac- 
uum pumps (not shown) via vacuum conduits 46. In the 
case of the evacuation means 213 in bearing 21a pro- 
vided in the collar 43, the vacuum conduit 46a does not 
lead directly to a vacuum pump but instead communi- 
cates with the evacuation means of bearing 21b in seat 
44. 

[0032] The plate 45 is sealed to the vacuum cham- 
ber wall 1 1 by bolts 45a and, e.g., O-ring 45b in conven- 
tional manner. In use, the pressure differential between 
the atmosphere and the vacuum chamber V will keep 
the rest of the seal together, but additional constraints 
can be provided for when the vacuum is released, e.g. 
for maintenance. 

[0033] As described above, the three air bearings 
between them allow six degrees of freedom to the pillar 
41 ; the range of movement allowed in each degree will 
depend, except in the case of 2 and q^, on the diameter, 
d, of the pillar and the diameter, D, of the aperture in 
plate 45. In this embodiment, which aims to isolate sup- 
port pillar 41 from vibrations in the vacuum chamber 
wall, only a relatively small range of movement, suffi- 
cient to accommodate the maximum amplitude of the 
expected vibrations, is necessary. 
[0034] Bearing 21 c provided in the seat 44 to allow 
movement of the seat relative to the plate 45 is gener- 
ally depicted in Figure 4. Figure 4 is a cross-section 
through differential air-bearing 21c, showing part of the 
seat 44 and plate 45. Bearing 21 holds the seat 44 off 
the plate 45 by a constant gap, g, of 5 um In some 
applications a gap in the range of from 5 u,m to 1 0 um 
may be appropriate. Clean air (or other gas, e.g. N 2 ) is 
supplied continually through air feed 211 at a pressure 
of several atmospheres, to generate a high pressure 
region 214. The supplied air will flow harmlessly to the 
exterior (leftwards in the Figure) and also to the vacuum 
chamber V (rightwards in the Figure), where its pres- 
ence would, of course, be undesirable. An escape path 
to atmospheric pressure is provided via groove 21 2. To 
prevent further the air that forms the air bearing becom- 
ing an unacceptable leak into the vacuum chamber V, it 
is pumped away via vacuum conduit 213. If desired, the 
escape path 212 may also be pumped, in this way, the 
residual leakage, 1 , into the vacuum chamber V can be 
kept within acceptable levels. 

[0035] In this embodiment the lower parts of the air 
feed 211 and the vacuum conduit 213 as well as the 
escape path 212 are elongate grooves extending along 
the entire length of the perimeter of the seal. Air feed 
pipe(s) 211a and vacuum pipe(s) 213a are provided at 
intervals along the grooves. 

[0036] In the air bearing described above, a single 
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vacuum groove is provided between the air feed 21 1 
and the vacuum chamber V. In variants, two or more 
vacuum grooves may be provided, with those nearer the 
vacuum chamber V being pumped to higher vacuum 
5 levels. 

[0037] The bearings 21a and b are similar, though 
provided in curved surfaces (cylindrical for bearing 21a 
and spherical for bearing 21b). 

10 Embodiment 3 

[0038] In a lithographic projection apparatus "rt is 
often desirable to mount two components, e.g. the 
beam emitting and detecting parts of an optical sensing 

is system, so that their relative positions are fixed very 
precisely. This often accomplished by mounting the two 
components to a reference frame which is made of a 
very stable material, such as Invar, and is isolated from 
other components of the apparatus, especially compo- 
se nents which may create vibrations. However, in a litho- 
graphic projection apparatus having a vacuum 
chamber, if one of the components must be situated 
inside the vacuum chamber whereas the other is not 
vacuum compatible, use of a reference frame is prob- 

25 lematic. The two components cannot be mounted to the 
vacuum chamber wall since the vacuum chamber wall 
will deform as the pressure differential across it 
changes. Such deformations will commonly amount to 
several tens of microns, which is excessive for many 

30 systems in lithographic projection apparatus. 

[0039] This problem is solved in a lithographic pro- 
jection apparatus according to the third embodiment, 
relevant components of which are shown schematically 
in Figure 5. A first component 61, e.g. a detector of a 

35 position sensing system, is mounted on a first reference 
frame 71 inside the vacuum chamber V. The first refer- 
ence frame is made of a very stable material, e.g. Invar, 
and is isolated from any vibration causing or carrying 
components of the apparatus, including the vacuum 

40 chamber wall. The second component 62, e.g. the 
beam emitting part of the position detecting system, is 
mounted on a second reference frame 71 outside the 
vacuum chamber. (Note that the beam emitted by com- 
ponent 62 outside the vacuum chamber can easily be 

45 taken into the chamber via a window (not shown).) The 
second reference frame 72 is also made of a very stable 
material, e.g. Invar, and likewise isolated from vibration 
causing or carrying components, again including the 
vacuum chamber wall. The two reference frames 71 , 72 

so are connected together, so as to fix their relative physi- 
cal positions, via isolation mounts 40. These mounts 
may be functionally and structurally the same as those 
described in the first and second embodiments of the 
invention. 

55 [0040] It can readily be seen that the first and sec- 
ond reference frames will be unaffected by deformation 
of the vacuum chamber wall V from its normal position, 
indicated in solid in Figure 5, to a deformed position V, 
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indicated in phantom in Figure 5. 
[0041] The invention is described above in relation 
to preferred embodiments; however it will be appreci- 
ated that the invention is not limited by the above 
description. In particular, the invention has been 
described above in relation to the wafer stage of a litho- 
graphic apparatus but is equally applicable to the mask 
stage of such an apparatus or to any apparatus in which 
a reference frame must be provided in a vacuum cham- 
ber. For example, the present invention may be 
employed in a transport or preparation apparatus used 
to transport wafers to a lithography apparatus, or to pre- 
pare wafers for exposure in such an apparatus. 

Claims 

1 . A lithographic projection apparatus comprising: 

a radiation system for supplying a projection 
beam of radiation; 

a first object table provided with a mask holder 
for holding a mask; 

a second object table provided with a substrate 

holder for holding a substrate; and 

a projection system for imaging an irradiated 

portion of the mask onto a target portion of the 

substrate; characterized by: 

a vacuum chamber having a wall enclosing at 

least one of said first and second object tables, 

said vacuum chamber wall having at least one 

aperture therein; 

a reference frame provided in said vacuum 
chamber; 

position sensing means for sensing the posi- 
tion of an object in said vacuum chamber rela- 
tive to said reference frame; and 
support means passing through said aperture 
to support said reference frame from outside 
said vacuum chamber and to isolate said refer- 
ence frame from said vacuum chamber wall. 

2. Apparatus according to claim 1 further comprising a 
low-stiffness seal between said support means and 
said vacuum chamber wall. 

3. Apparatus according to claim 2 wherein said sup- 
port means comprises an elongate rod having a 
longitudinal axis; and said low-stiffness seal com- 
prises: 

an annular collar rotatably provided around 
said elongate rod and having a first sealing sur- 
face concentric with said longitudinal axis; 
an intermediate member having second and 
third sealing surfaces, said second sealing sur- 
face being complementary to and opposing 
said first sealing surface; and 
a plate member defining an aperture through 
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which said elongate rod passes and having a 
fourth sealing surface complementary to and 
opposing said third sealing surface, said plate 
member being sealed to said vacuum chamber 
5 wall. 

4. Apparatus according to claim 3 wherein said first 
and second sealing surfaces are substantially 
spherical and said third and fourth sealing surfaces 

10 are substantially flat and preferably perpendicular 
to said longitudinal axis. 

5. Apparatus according to claim 3 or 4 wherein said 
annular collar further comprises a fifth sealing sur- 

15 face complementary to and opposing the outer sur- 
face of said elongate rod. 

6. Apparatus according to claim 5 wherein said fifth 
sealing surface is substantially cylindrical. 

20 

7. Apparatus according to any one of claims 3 to 6 fur- 
ther comprising a bearing provided between at 
least one of the pairs of opposed surfaces. 

25 8. Apparatus according to claim 7 wherein said bear- 
ing comprises a gas bearing for supplying pressu- 
rized gas to maintain a gap between the opposed 
surfaces, and evacuating means provided between 
said gas bearing and said vacuum chamber for 

30 evacuating gas supplied to said gap. 

9. A lithographic projection apparatus comprising: 

a radiation system for supplying a projection 
35 beam of radiation; 

a first object table provided with a mask holder 
for holding a mask; 

a second object table provided with a substrate 

holder for holding a substrate; and 
40 a projection system for imaging an irradiated 

portion of the mask onto a target portion of the 

substrate; characterized by: 

a vacuum chamber having a wall enclosing at 

least one of said first and second object tables, 
45 said vacuum chamber wall having at least one 

aperture therein; 

a reference frame extending through said aper- 
ture so as to have a first part located in said 
vacuum chamber and a second part located 

so outside said vacuum chamber; 

sensing means having a first component 
mounted to said first part of said reference 
frame and a second component mounted to 
said second part of said reference frame; and 

55 a low-stiffness seal for sealing between said 

vacuum chamber wall and said reference 
frame. 
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10. A vacuum apparatus comprising: 

a vacuum chamber having a wall, said vacuum 
chamber wall having at least one aperture 
therein; 5 
a reference frame provided in said vacuum 
chamber; and 

position sensing means for sensing the posi- 
tion of an object in said vacuum chamber rela- 
tive to said reference frame; characterized by: 10 
support means passing through said aperture 
to support said reference frame from outside 
said vacuum chamber and to isolate said refer- 
ence frame from said vacuum chamber wall. 

15 

11. A low-stiffness seal for sealing between a vacuum 
chamber wall and an elongate rod having a longitu- 
dinal axis and passing through an aperture in said 
vacuum chamber wall, the seal comprising: 

20 

an annular collar rotatably mountable around 
said elongate rod and having a first sealing sur- 
face concentric with said longitudinal axis; 
an intermediate member having second and 
third sealing surfaces, said second sealing sur- 25 
face being complementary to and opposing 
said first sealing surface; and 
a plate member defining an aperture through 
which said elongate rod passes and a fourth 
sealing surface complementary to and oppos- 30 
ing said third sealing surface, said plate mem- 
ber being mountable to said pressure chamber 
wall. 



17. A device manufacturing method comprising the 
steps of: 

providing a substrate which is at least partially 
covered by a layer of energy-sensitive material; 
providing a mask containing a pattern; 
using a projection beam of radiation to project 
an image of at least part of the mask pattern 
onto a target area of the layer of energy-sensi- 
tive material; 
characterized in that: 

at least one of said substrate and said mask is 
provided in a vacuum chamber; and the one of 
said mask or said substrate is positioned rela- 
tive to a reference frame provided in said vac- 
uum chamber, said reference frame being 
supported from outside said vacuum chamber 
and isolated from the walls of said vacuum 
chamber. 

18. A device manufactured in accordance with the 
method of claim 17. 



12. A seal according to claim 1 1 wherein said first and 35 
second sealing surfaces are substantially spherical 
and said third and fourth sealing surfaces are sub- 
stantially flat and preferably perpendicular to said 
longitudinal axis. 

40 

13. A seal according to claim 11 or 12 wherein said 
annular collar further comprises a fifth sealing sur- 
face complementary to and opposing the outer sur- 
face of said elongate rod. 

45 

14. A seal according to claim 1 3 wherein said fifth seal- 
ing surface is substantially cylindrical. 



1 5. A seal according to any one of claims 11 to 14 fur- 
ther comprising a bearing provided between at so 
least one of the pairs of opposed surfaces. 



16. A seal according to claim 15 wherein said bearing 
comprises a gas bearing for supplying pressurized 
gas to maintain a gap between the opposed sur- 55 
faces, and evacuating means provided between 
said air bearing and said pressure chamber for 
evacuating gas supplied to said gap. 
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Fig.3. 
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Fig.5. 
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